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DESCRIPTION 
WIRELESS LAN COMMUNICATION SYSTEM 

Technical Field 
The present invention relates to a wireless LAN communication 
system, and more particularly to load sharing (load balance) among 
base stations. 

Background Art 

In a conventional wireless LAN communication system of this 
kind, when a base station has traffic larger than a specified value, 
the base station selects a terminal having traffic larger than a 
specified value from terminals connected to the base station and 
switches the channel of the selected terminal and a channel of another 
base station having traffic smaller than the specified value. In 
this case, the channel of the base station having traffic smaller 
than the specified value is determined according to a result of 
monitoring by a receiver for monitoring other channels, provided 
for each base station (see JP 2001-237856 A, for example) . 

In the above-described conventional load sharing among base 
stations in a wireless LAN communication system, to perform channel 
changeover, respective base stations need to monitor the other 
channels to determine a channel of another base station having traffic 
smaller than the specified value. 



The present invention has been made to solve the problem 
described above, and has an object to provide a wireless LAN 
communication system capable of performing load sharing among base 
stations in which a terminal autonomously selects a connection 
destination base station based on information on the number of 
associations transmitted from each of the base stations. 

Disclosure of the Invention 
In view of the above object, the present invention provides 
a wireless LAN communication system, including a plurality of base 
stations each having terminals which are set to be associated 
therewith and managed by an NMS, the wireless LAN communication 
system being characterized in that : each of the base stations includes 
an association information transmitting function for transmitting 
association information for a terminal to the terminal by a beacon; 
and each of the terminals includes an association set destination 
base station selecting function for selecting an association set 
destination base station based on the association information 
transmitted from the base station. 

Brief Description of the Drawings 
Fig. 1 is a diagram schematically showing a configuration of 
a wireless LAN communication system according to an embodiment of 
the present invention; 



Fig. 2 is a flowchart showing an example of an operation 

performed by a base station in the wireless LAN communication system 

according to the present invention; 

Fig. 3 is a flowchart showing an example of an operation 

performed by a terminal in the wireless LAN communication system 

according to the present inventions- 
Fig. 4 is a flowchart showing an example of an operation to 

select an association destination base station in Fig. 3; 

Fig. 5 is a flowchart showing an example of an operation 

performed by anNMS in the wireless LAN communication system according 

to the present inventions- 
Fig. 6 is a diagram for explaining base station forcible 

changeover in the wireless LAN communication system according to 

the present invention; and 

Fig. 7 is a flowchart showing an example of an operation of 

a base station forcible changeover in the wireless LAN communication 

system according • to the present invention. 

Best Mode for carrying out the Invention 
Fig. 1 schematically shows a configuration of a wireless LAN 
communication system according to the present invention. A 
plurality of wireless base stations API to AP3 (for example, three 
stations herein) are connected to an NMS (network management system) 
via a wired network NW . Radio communications WT are performed between 



the wireless base stations API to APS and a terminal T. In practice, 
a great number of terminals T are separately associated with each 
of the base stations API to AP3. 

In the present invention, the terminal T autonomously selects 
a connection destination base station based on information on the 
number of associations transmitted from each of the base stations 
API to AP3 to balance loads of the base stations API to AP3 . At 
this time, in order to balance the loads of the base stations API 
to APS, connection terminals T are accommodated in a balanced manner . 
This prevents extreme load bias when a new base station is added 
in an identical service area due to an increase in traffic, and 
other cases- In addition, in order to ensure VoIP (audio data) 
quality, VoIP registration users are assigned to a plurality of 
base stations in a balanced manner. 

The base stations API to APS notify the terminal T of remaining 
association counts (association information) by beacon frames . The 
terminal T determines an association set destination base station 
based on the remaining association counts notified by the base 
stations API to APS and/or radio reception conditions (RSSI 
(radio-wave level) , PER (communication quality: packet error rate) ) 
with respect to the base stations API to APS. In other words, the 
terminal T selects the best AP (access point) based on the load 
sharing in which loads are evenly balanced among the base stations. 

Note that a remaining association count generally represents 



a value obtained by subtracting the number of associated terminals 
from the number of terminals to which IP addresses are assigned. 
When communications are preferentially performed for a group of 
particular terminals, the remaining association count may be 
obtained from the formula (the number of terminals to which IP 
addresses are assigned) - (the number of terminals belonging to 
a particular group associated) , with the number of terminals other 
than terminals belonging to a particular group being excluded. 
Automatic base station selection 

According to the present invention, each of the base stations 
API to AP3 sets the remaining association count in a beacon frame 
and transmits the beacon frame. The base stations API to AP3 accept 
an association set request from the terminal T unless the maximum 
number of associations is exceeded- When the number of associations 
exceeds its threshold value, the base stations API to AP3 notify 
the NMS of the state by a trap via the network. 

Fig. 2 shows an operational flowchart of each of the base 
stations API to APS in Fig. 1. Each of the base stations API to 
APS sets the remaining association count in a beacon frame and 
transmits the beacon frame to each terminal T (Step S21) . When an 
association (set) request is transmitted from a terminal T (Step 
S22), each base station judges whether the maximum number of 
associations is exceeded (Step S23) . When the maximum number of 
associations is not exceeded, the base station accepts the terminal 
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T (Step S24) . Then, the base station judges whether a predetermined 
association-count threshold value (a number smaller than the maximum 
number of associations) is exceeded (Step S25) . When the 
predetermined association-count threshold value is exceeded, the 
base station notifies the NMS by transmitting a trap via the network 
NW that the association-count threshold value is exceeded (Step 
S26) . 

Fig. 3 shows an operational flowchart of the terminal T in 
Fig. 1. The terminal T first takes in the remaining association 
counts of the base stations notified with beacon frames by the base 
stations API to AP3 (Step S31) , and then selects an association 
destination base station according to these remaining association 
counts and, as needed, also radio reception conditions (RSSI, PER) 
with respect to the base stations (Step S32 ) . A function of detecting 
radio reception conditions (RSSI, PER) is normally provided in the 
terminal T. 

An association destination base station is selected so as to 
select the best AP based on load sharing. When an association 
destination base station is selected, the priority of the base 
stations API to AP3 is determined according to the remaining 
association counts, as shown in Fig. 4 (Step S321) . When a 
priority-connection base station has been set, the highest priority 
is given to that base station (Step S322) . When forcible changeover 
to be described later is instructed, a base station which has been 
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connected is given the lowest priority (Step S323) . 

Returning to Fig. 3, after an association destination base 
station is selected, the terminal T associates with a base station 
having higher priority (StepS33) - If the terminal T cannot associate 
with that base station (Step S34) , the terminal T assigns the lowest 
priority to the base station with which the terminal T has tried 
to associate (Step S35) . The terminal T returns to Step S32 to select 
an association destination base station again. 

Fig. 5 shows an operational flowchart of the NMS in Fig. 1. 
Although the NMS is not involved in the selection of a base station 
by the terminal T, the NMS regularly monitors the loads (the amount 
of traffic such as the number of transfer packets ) of the base stations 
API to AP3 as statistical information and monitors respective 
association-count threshold values by traps. Upon reception of a 
notification indicating that the association-count threshold value 
is exceeded (StepSSl) , the NMS informs an operator of the notification 
(by displaying on a monitor screen, for example) (Step S52) . When 
the operator inputs to instruct forcible changeover (Step S53) , 
the NMS instructs, via the base station, the corresponding terminal 
to perform forcible changeover (Step S54) . The forcible changeover 
will be described later. 

Note that since VoIP (audio data) is required to be immediately 
transmitted, it largely uses wireless resources and causes an 
increase in load at a base station. Accordingly, from a point of 
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view that VoIP users are assigned in a balanced manner to a plurality 
of base stations in order to ensure VoIP (audio data) quality, the 
VoIP users are registered in advance in the system side as VoIP 
registration users, and respective base stations grasp the number 
of VoIP registration users as well as the number of associations. 
In such a system, a remaining VoIP registration user count may be 
combined with the remaining association count as association 
information. Alternatively, the remaining VoIP registration user 
count may be used in place of the remaining association count. 

In this case, the base stations notify a terminal of the 
remaining association counts and the remaining VoIP registration 
user counts by beacon frames, and the terminal determines an 
association destination base station based on the radio reception 
conditions (RSSI, PER), and the remaining association counts and 
the remaining VoIP registration user counts, which have been notified 
by the base stations. 

Here, a remaining VoIP registration user count represents the 
number of VoIP users who can be further registered at a base station 
that registers VoIP users, that is, a remaining VoIP registration 
user count with respect to the number of maximum VoIP registration 
users in a system where audio data is extracted from communication 
data; QoS parameters are provided to control the audio, data and 
ordinary data separately from each other; the audio data, that is, 
VoIP, is controlled, for example, with the highest communication 
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priority; and further, users using VoIP are registered as VoIP 
registration users to thereby evenly balance the loads of the base 
stations . Note that the present invention can be applied to a system 
where a user using VoIP is registered as a VoIP registration user, 
so the system does not necessarily have to control VoIP is with 
the highest priority. 

Then, each of the base stations API to AP3 sets the remaining 
association count and the remaining VoIP registration user count 
in a beacon frame and transmits the beacon frame. The base stations 
API to AP3 accept an association set request from the terminal T 
unless the maximum number of associations is exceeded. When the 
number of associations and the number of VoIP registration users 
exceed their threshold values, the base stations API to AP3 notify 
the NMS of the state by a trap. 

The terminal T determines a base station to be connected from 
the base stations API to APS based on the radio reception conditions 
(RSSI, PER) with respect to the base stations API to APS, and the 
remaining association counts and the remaining VoIP registration 
user counts at the base stations API to APS, which have been notified 
withbeacon frames by the base stations API toAPS. Then, the terminal 
T sets an association with the determined base station. 

An algorithm procedure applied to the selection of an 
association destination base station from the base stations API 
to APS can be changed according to a firmware upgrade or the like. 
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For example: 1) a base station having a larger remaining VoIP 
registration user count is selected; 2) a base station having a 
larger remaining association count is selected when base stations 
have the same remaining VoIP registration user count; and 3) a base 
station is selected randomly when base stations have the same 
remaining association count- Other factors are basically the same 
as those described above. 

Forcible changeover of base station 

A forcible changeover function for changing over a connection 
destination base station of the terminal T is provided in order 
to adjust loads among the plurality of base stations API to AP3 
according to an instruction of the operator when a new base station 
is added or when bias is detected in the number of associations, 
the number of VoIP registration users, or the amount of traffic 
during a stationary operation. 

Fig. 6 is a diagram of the wireless LAN communication system 
according to the present invention, for explaining the base station 
forcible changeover. Fig. 7 is a sequence of the base station 
forcible changeover. A changeover sequence will be described with 
reference to Figs. 6 and 7. 

In the NMS, the operator monitors, on a screen display or the 
like, the numbers of transfer packets (traffic information) which 
are periodically collected from the base stations API to APS to 
check whether the traffic among the base stations is balanced or 



not. At the same time, the operator obtains the numbers of 
associations and the numbers of VoIP registration users of the base 
stations from association logs. As a result, when it is determined 
that a connection destination base station of the terminal needs 
to be changed over , the following procedure from step (a) is executed 
based on the operator's judgment. 

In addition, when the network configuration is changed, for 
example, by adding a new base station, and when a trap indicating 
that the threshold values are exceeded (for the number of associations 
and the number of VoIP registration users) is received from a base 
station, the following procedure from step (a) is executed based 
on the operator's judgment. 

(a) Under the above-described situations, when the operator 
judges in the NMS that forcible changeover is necessary and inputs 
to a computer of the NMS an instruction for the forcible changeover, 
the forcible changeover is started to make a terminal forcible 
disassociation request (a disassociation request transmission 
instruction) to cause the base station APS which is an association 
set destination of the target terminal T to transmit a disassociation 
request to the target terminal T. The NMS knows the association 
terminals of each of the base stations from normal communications 
and information periodically collected from the base stations. 

(b) The base station AP3 transmits a disassociation request 
to the target terminal T, and returns a terminal forcible 



disassociation response to the NMS . 

(c) The terminal T returns a response to the disassociation 
request, then starts the procedure of the above-described best AP 
selection based on load sharing to search for a base station by 
transferring an association request and an association response, 
and determines a new association set destination (for example, the 
base stati on AP2 ) . Note that the terminal T holds the radio reception 
conditions (RSSI, PER) of all base stations measured during execution 
of the above procedure. 

(d) After completion of the changeover, the NMS makes an inquiry 
to the terminal T via the new association destination base station 
AP2 about the radio condition of the base station which was measured 
during the procedure of "connection destination AP changeover 
processing" by transferring a site survey request and a site survey 
response (when the operator judges that it is necessary) . 

According to the present invention as described above, there 
is provided a wireless LAN communication system, including a 
plurality of base stations each having terminals which are set to 
be associated therewith and managed by an NMS, the wireless LAN 
communication system being characterized in that: each of the base 
stations has an association information transmitting function for 
transmitting association information for a terminal to the terminal 
by a beacon; and each of the terminals has an association set 
destination base station selecting function for selecting an 
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association set destination base station based on the association 
information transmitted from the base station. Therefore, load 
sharing is realized among base stations in which a terminal 
autonomously selects a connection destination base station based 
on association information transmitted from each of the base 
stations . 

Industrial Applicability 
The present invention can be basically applied to all wireless 
LAN communication systems. 
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